Study of 5°Fe spot in LIME
(aka Saturation and other effects)




EXperimental spot shapes
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EXperimental spot shapes
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EXperimental spot shapes
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EXperimental spot shapes
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|deal behaviour

In an ideal optical TPC:
- charges are efficiently drifted toward GEM;
- gain and light yield (ph/e) are constant -> linearity between light production and ionization;

- null sensor noise;
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Real behaviour

In a real optical TPC:
- charges are inefficiently drifted toward GEM;

- gain and light yield (ph/e) are not constant -> no linearity between light production and
lonization;

- no-null sensor noise;
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Charge drift

An hint of some issue with charge transportation was found in BTF analysis:
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Gain “saturation”

The average light collected in the 55Fe spots is plotted as a
function of the expected density evaluated from diffusion
parameters simulated and confirmed by measurements
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Comparison with current vs. distance measurements

Charge density on the GEM can be varied in different ways:
- Method #1: by changing the charge reaching GEM#2 and GEM#3 by varying the gain of GEM#1

- Method #2: by changing the size of spots reaching GEM#1 by varying the z of the event;
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A simple model

&
Electric field in the GEM hole E;, = " is modified by the ion charge Q

oC,
(C,: charge in the hole and 0: GEM thickness)
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A simple model
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Simulation

- charge clouds have a 3D gaussian shape with some aOT , o', 05, o

- clouds are divided in 160(x) X 160(y) X 100(z) um> voxels (i.e. pixels and 2 x GEM thickness);

- assume 150 primary electrons and constant (not saturated) gain in GEM#1 and GEM#2;

the number n of electrons in each voxel is multiplied by a gain G = A - o
- 1 + ”_h(g — 1)

- g Is the no-saturated gain;

g—-1)

IS the saturation parameter;

ny,
- A'is an overall free parameters (in principle it should be 1);

- Total charge is the sum of all “gained voxels” and total light is obtained by multiplying by 0.07
ph/e- and camera geometrical efficiency €2 13



The gain
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Simulation/Experimental comparison
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Simulation/Experimental spot shapes (no-saturation)
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Simulation/Experimental comparison (no-saturation/saturation)
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light (photons)

BTF Comparison
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BTF Comparison
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BTF Saturation
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LIME
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Exploiting the diffusion

- By means of the simulation, the response to energies in the range 1-6 keV were simulated
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Exploiting the diffusion

- By means of the simulation, the response to energies in the range 1-6 keV were simulated
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